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Abstract
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+30×10−6eV bar−1 for H− and D− impurities, respectively. These are equal, within the uncertainty of
±3×10−6 eV bar−1 for each coefficient. The shift of the peak of the U band with temperature is shown to arise
almost entirely from thermal expansion.
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The pressure derivative of the U-band peak, position in KBr was determined to be +27&&10 ' eV bar '
and +30&(10 6 eV bar ' for H and D impurities, respectively. These are equal, within the uncertainty
of ~3)&10 ' eV bar ' for each coefficient. The shift of the peak of the U band with temperature is shown to
arise almost entirely from thermal expansion.
HE U band arises from an electronic transition on
a substitutional H impurity in an alkali halide. '
It is a broad band near the fundamental absorption
edge which, like the F band, shifts to higher energy
and sharpens when the crystal is cooled. Baldini et al.'
have studied the isotope effect in the U band of three
alkali halides, measuring peak positions and half-widths
as functions of temperature. They fitted these functions
to expressions obtained by assuming linear coupling of
the electron to odd lattice modes and quadratic coupling
to all modes, because the isotope effect arises from even
modes. In so doing, they had to fit the temperature
dependence of the peak position to that calculated from
the quadratic coupling to all lattice modes, ignoring, of
necessity, that part of the temperature dependence of
E(T) caused by thermal expansion. This part can be
estimated from the shift of the peak position with
hydrostatic pressure.
We have measured the pressure shift of the U band
in KBr at 78 K, using hydrostatic pressure in a system
previously described. ' We find (BE/BP)+= 27X 10-P eV
bar ' (&10%%u~). This value is about twice that for the
F band in KBr.3 With the compressibility of the bulk
crystal, one can convert this coefficient to a volume
coefFrcient (B lnE/B 1na)r= —2.2, where tt is the bulk
interatomic distance. The Ivey rule4 for the U band
predicts (B lnE/B inc) &= —1.10. A similar discrepancy
occurs for F centers, where it has been explained by
introducing a local compressibility around the F center
of about one-half that of the bulk crystal. '—7 However,
Benedek and Nardelli' have shown that for F centers
in KBr, although the central force constant between
the F center and a nearest-neighbor ion is only about
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40% of the nearest-neighbor central force constant in
the perfect lattice, the compressibility of the F center
and its six nearest-neighbor ions is reduced only about
18%. This factor is not enough to account for the
discrepancy between measured values of (B lnE/B lna) p
and the Ivey rule for F centers. ' 7 For U centers, the
discrepancy is smaller, but the local compressibility
should also depart less from the bulk value. A local
compressibility model should have some validity if the
ground and excited states are both reasonably confined
to the vacancy (or impurity) and the nearest-neighbor
ions. The first excited state of the U center seems to be
no less compact than that of the F center. '
One can estimate the contribution of thermal expan-
sion to (BE/BT)t, the observed temperature shift of
the peak position, by means of the equation
~BE~ t BE~ 3.
~
~BE&
&BTi (BTj lt.j &BPj,
The first term on the right is the electron-phonon
(quadratic coupling) term and the second is the effect
of thermal expansion. n is the linear thermal-expansion
coefficient and E the compressibility. For defects,
even though e and E may have local values, it seems
reasonable that 3ot/E will be close to the bulk values.
E(T) at constant pressure is often fitted by the function
Ep Bcoth (ft/T) . Ho—wever, in order to display th e
isotope effect in E(T), Baldini et al.' used Ep 8—
Xcoth(0/T) Dcoth(8'/T), the la—st term arising from
just the infrared-active localized mode. D and 0' were
evaluated from the isotope effect, infrared data, and
reasonable estimates, while 8 and 8 came from fitting
data on E(T). Ily taking the derivative of this function
and evaluating it at 300'K, we get (BE/BT)r = —4.8
X10 4 eV (E') ', while the thermal-expansion contribu-
tion to it is —4.8X10 4 eV (K') ', leaving (0.0+ 0.5)
X10-4 eV (K") ' for the true quadratic electron-lattice
efFect. Thus at 300'K, essentially all of (BE/BT)t
arises from thermal expansion, and the values of J3 and
0 of Ref. 2 are not correct, especially B. However,
these are constants of only minor interest in that work;
the half-widths and isotope effects constituted the most
significant results of Ref. 2 and they are essentially
unaltered by neglecting thermal expansion, i.e., the
temperature dependence of Ep.
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We have integrated Eq. (1), using a temperature-
dependent" n and calculating the temperature-depen-
dent E with a constant C~~ and temperature-dependent"
Cti (elastic stiffness constants). The result is shown in
Fig. 1.According to this, thermal expansion can account
for all of E(T) within the experimental limits of 10%
(our data) and 0.005 eV LE(T) data'). Hence, trying
' R. Wood and U. Opik, Phys. Rev. 162, 736 (1967).
@B.Yates and C. H. Panter, Proc. Phys. Soc. (London) 80,
373 (1960).
"J.G. Gait, Phys. Rev. '73, 1460 (1948).
FIG. 1. Solid: observed temperature dependence of the U-band
absorption peak (see Ref. 2). Dashed: that part of the temperature
dependence that arises from thermal expansion,
Ei11—E(0) f=(—) dr
to extract 8 and 0 is not meaningful. We have also
evaluated just —D coth(8'/T), and it is very small,
being only —0.0078 eV at 300 K, largely a result of
the large value of 0'.
(BE/BI') z was found to be +30&&10 ' eV bar ' for
the U band in KBr:D—.This is essentially equal to
that for KBr:II—, considering the sample-to-sample
differences of (2—3) )& 10 ' eV bar ' for such coefficients.
One can also estimate the magnitude of the expected
isotope effect in (BE/BI')r. Such an effect will originate
primarily in the pressure derivative of —D cath(8/T).
From uniaxial stress shifts" we can estimate the pressure
shift of the energy of the infrared-active mode of the
H ion to be (Bhor,/BI')r +1.—45X10 ' eV bar '. The
8' is is&a, /2k and oi, also appears in D. We assume that
the energy of the infrared-active mode when the
electron is in the excited state, A~„, has negligible
pressure shift, and no isotope effect. ' For KBr:H—at
300'K, we get {(B/BP) $ Dcoth (8'—/T) g) s ——2.40
&(10 ' eV bar ', a contribution of about —10% of the
observed (BE/BP)r, and one which will exhibit some
temperature dependence (too small to detect) at higher
temperatures. By replacing Scag by V2kco, in both D and
I9' and assuming the infrared-active D localized-mode
frequency has the same pressure shift as that for H—,
we find that the term ((B/BP)( Dcoth(8'—/T)g} r
differs by only 0.14&(10 ' eV bar ' for the two isotopes.
This difference is too small to be determined by sub-
tracting directly measured values of (BE/BP)z for
each isotope.
'2 B.Fritz, J. Gerlach, and U. Gross, in Localized Excitations in
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1968), p. 504.
